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Purpose: Patch angioplasty is commonly used to dose the arteriotomy after carotid 
endarterectomy is performed. The purpose of this study was to determine whether any 
significant variations were present in platelet deposition for different patch sizes and 
materials. 
Method: The study measured 111-indium-labeled uptake in the sheep to compare 
thrombus deposition for three different patch materials: autologous vein, gelatin-sealed 
Dacron, and polytetrafluoroethylene a d for 6- and 12-mm patch widths. Platelet uptake 
was measured on the patch itself and on the artery wall that was opposite to the patch and 
that had undergone ndarterectomy. Scanning electron microscopy was used to confirm 
the localization of the labeled platelets on the patch and on the surface that had undergone 
endarterectomy. 
Results: Although considerable variation was seen among animals, platelet accumulation 
was lowest in the vein patches compared with the prosthetic patches (p < 0.01), but the 
deposition on the gelatine-sealed Dacron was not significantly different from that on 
polytetrafluoroethylene patches. Platelet deposition on the artery wall that had undergone 
endarterectomy was considerably ess than on the patch but was higher when a synthetic 
patch was used rather than a vein patch (p < 0.05). 
Conclusions- Acute thrombus deposition after carotid endarterectomy was considerably 
less for vein patch dosure than for synthetic patches. A 6-mm patch width caused less 
thrombus deposition both on the patch itself and on the artery wall compared with a 
12-mm patch, but the difference was proportional to the patch width. (J Vase Surg 
1996;24:200-6.) 
After carotid endarterectomy is performed, patch 
closure of the arteriotomy is advocated to rcduce the 
likelihood ofboth residual stenosis 1 and later resteno- 
sis. 2-~ However, the effects of patch angioplasty on 
flow patterns within the artery and the interaction 
between the blood and vessel wall remain obscure. 
Relatively few studies have addressed the relationship 
betwcen patch closure and thrombus deposition, 6 
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even though the shape of the reconstructed segment 
may influence thrombogenesis, the formation of a 
neointimal lining, intimal hyperplasia, and later 
atherogenesis. 7,8 
In our previous canine studies l l l - indium-la- 
beled platelets were used to assess acute thrombus 
formation 2 hours after arteriotomy closure was 
performed. 9 More platelets adhered to polytetrafluo- 
roethylene (PTFE) patches than to vein patches, 
whereas primary closure without a patch was associ- 
ated with the least platelet uptake. In these experi- 
ments patching with Dacron (Gelseal, Vascutek, 
Sulzer Medica, Inchinnan, Scotland) was not tested, 
nor was uptake measured on the artery wall as distinct 
from on the patch. A study in humans showed that 
fcwer platelets deposited at the site of  carofid endar- 
tercctomy when the arteriotomy was closed primarily 
than when patch closure was used) ° We now report 
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the results of an investigation i  the sheep in which, 
after simulated carotid endartereetomy was per- 
formed, the arteriotomy was closed with rein, gelatin- 
sealcd Dacron or PTFE (WL Gore and Assoc. Inc., 
Flagstaff, Ariz.) patch. The study measured thrombus 
deposition on both the patch itselfand on the wall that 
had undergone endartercctomy. The study also inves- 
tigated the influence of two different patch widths 
(6 and 12 mm) with respect to uptake ofplatelets on 
both the patch and the artery wall. 
MATERIAL AND METHODS 
Sheep were chosen because their carofid artery 
diameter is similar to that in humans and becanse their 
blood morphologic characteristics and platelet activ- 
ity meehanisms are also similar. ~~ Thirty sheep weigh- 
ing 55 to 60 kg were randomized to receive two 
patches, both ofwhich were made from gelafin-sealed 
Dacron, PTFE, or autologous vein. One patch in eaeh 
sheep was 6 mm wide and the other 12 mm wide. The 
order of patching in each Sheep was randomized to 
ensure that all the patehes of a parficular width were 
not completed first. Two sheep were excluded be- 
canse oftechnical (operative) failure, leaving 10 pairs 
of gelatin- sealed Dacron patches ( 6 and 12 mm wide) 
and nine pairs each of PTFE and autologous vein 
patches. The patch materials were composed of gela- 
tin-sealed Dacron, thin-walled PTFE, or external 
jugular vein harvested from the heck at the time of 
arteriotomy closure. Anesthesia was induced with 
intravenous nembutal (15 mg/kg) followed by en- 
dotracheal intubafion with 100% oxygen and 1.5 % to 
2.5% halothane. Fifty milliliters ofvenous blood were 
withdrawn for the platelet labeling procedures. 
Both common carofid arteries were exposed and 
isolated, and sodium heparin (100 IU/kg) was in- 
jected intravenously 5 minutes before clamping was 
performed. The carofid arteries were clamped proxi- 
mally and distally and incised longitudinally over a 
measured 30 mm length. By sharp scalpel dissection 
carofid endarterectomy was simulated by removal of 
the intima and the superficial layers of the media from 
the accessible inner surface of the vessel. The luminal 
surface was then irrigated with heparinized saline 
solufion. The patches were cut to the same tapered 
shape and the arteriotomies closed with confinuous 
6/0 polypropylene (Prolene, Johnson and Johnson, 
Sydney, Australia). A patch 6 mm wide was used for 
orte carotid closure, and a 12 mm patch was used for 
the other side; the order of patch implantafion was 
randomized (Fig. 1). Both carofid arteries remained 
clamped until both patch closures were completed. 
The caroräd clamps onboth sides were then released, 
iii A ;ii 
[ 
Fig. 1. Carotid patch angioplasty with 6 mm (A) and12 
mm (B) width e-PTFE patch material. 
and flow was restored to both carotid artcries simul- 
taneously. No significant differenees w re seen among 
the caroud external diameters bcfore patching was 
performed (overall mean 7.2 + SD 0.8 mm). The 
diameters ofthe earotid arteries at the mid point of the 
patchcd segments after patch implantauon were 
8.5 + 1.2 mm (mean circumference 26.7 mm) for the 
6 mm patches and 10.4 + 1.6 mm (mean circumfer- 
ence 32.6 mm) for the i2 mm patches, correspond- 
ingly. The difference between the circumferences 
with the 6 and 12 mm patches in sheep carotid arteries 
was approximately 18%. 
As soon as satisfactory hemostasis was obtained, 
l ll-indium labeled platelets were injected intrave- 
nously and allowed to circulate for 1 hour. The caroud 
vessels werc then reclamped, and the patehcd seg- 
ments were removed. The caroud arteries »vere gently 
irrigated with normal saline solution to remove any 
remaining blood while adherent thrornbus was re- 
tained. The patch material was detached from the 
artcry that had undergonc endarterectomy, and each 
segment was fixed in glutaraldehyde. Segments of 
artery were resected proximal and distal to the oper- 
ated area for reference (Fig. 2). Four milliliters of 
venous blood werc removed for radioactivity mea- 
surement, and the animals were killed by injection of 
intravenous odium pentobarbitone. The samples 
were immediately transferred tothe 7well counter for 
measuring the radioactivity levels on the arteries, on 
the grafts, and in the circulating blood, 
Platelet depositions on the carotid artery wall and 
on the patches themselves w re calculated as the ratio 
of the radioactivity from each specimen compared 
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Fig. 2. Excised 12 mm patch width arterial segments with 
1-hour thrombosis deposition on (A) PTFE patch surface 
and adjacent arterial wall; (B) Dacron patch surface and 
adjacent arterial wall at 1 hour after patch implantation. 
with the radioactivity measured in the blood taken 
from the same sheep at the time the carotid segments 
were excised. 
Platelet preparation. The platelets were labelcd 
with l l l - indium oxine during the surgical proce- 
dure. Fifty milliliters ofvcnous blood were anticoagu- 
latcd with sodium acid citrate. After differential cen- 
trifugation was performed, pellets of autologous 
platelets were prepared in a plasma-free medium and 
labeled with i 11-In-oxine by the modified method of 
Thakur et a1.12 The blood was centrifuged at 2003 for 
10 minutes at room temperature. Platelet-rich plasma 
was separated from the red blood cells with a pipette, 
and the platelct-poor plasma was removed and re- 
tained for later resuspension of platelets. A platelet 
pellet was thcn obtained by further centrifugation at
640B for 10 minutes, and the platelets »vere resus- 
pended in calcium-free Tyrode's solution. Platelet 
labeling was achieved by incubation with approxi- 
mately 30 gCi l l l - In-oxine for 1 minute before the 
platelets were resuspendcd in platelet-poor plasma 
and injected intravenously agaln. 
The radioactivity of the supernatant and labeled 
platelets was determined in a radioisotope weil 
counter (Hewlett Packard, Cobra), and calculation of 
the labeling efficiency was performed according to the 
equation: % LE = AP x 100/(AP + AS), where LE = 
labeling efticiency, AP= activity in platelets, and 
AS = activityin supernatant. The labeling efficiency of 
platelet prcparations was 68.3% + 9.6% (mean _+ SD). 
Scanning electron microscopy. Representative 
sections of the carotid arteries and patches »vere 
washed in normal saline solution and fixed in glu- 
taraldchyde solution immediatcly after being rc- 
moved from the animals. The arteries were opened 
longitudinally after counting of radioactivity was 
performcd. Scanning electron microscopy (SEM) was 
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Fig. 3. Acute 111-In-labeled platelet uptake on 6 mm and 
12 mm width patches. Log scale shows differencc i  platelet 
activity between patch width and patch materials. Numbers 
represent mean data for cach angioplasty group. 
surface of the carotid arteries that had undergone 
endarterectomy and o  the patch materials. 
After primary fixation was performed for 1 week in 
glutaraldehyde, each specimen was postfixed in os- 
mium tetroxide, dehydrated through graded (70%, 
90%, and 100%) ethanol, and critical-point dried from 
CO 2. The specimens were then mountcd and coated 
with gold-palladium (100 Angstrom) before being 
examined by SEM (Stereoscan S 150, Cambridge In- 
strument Co.). Represcntative s ctions were photo- 
graphed (magnification x400 to 700) for visual com- 
parisons. 
The Wilcoxon signed rank test was used for 
statistical nalysis. In addition, the variabilities among 
and within three different patch materials (Dacron, 
PTFE, and vcin), the patches, and adjaccnt arterial 
wall and two patch sizes (6 mm and 12 mm) were 
modeled by the random-effect analysis of variance 
(ANOVA). To minimize any spurious tatistical sig- 
nificance, Scheffe's multiple comparison was used to 
make specific contrasts between parametcrs and 
among type and size means. Exploratory analysis 
indicated a systematic correlation bctween the mean 
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Table I. Platelet accumulation measured by counting 7-emission from nllndium-labeled platelets 
(mean + SD) on the patch and adjacent artery wall expressed as a ratio compared with the radioactivity 
measured in 4 ml circulating blood 
Patch Ar tery  wall  
6 mm 12 mm 6 mm 12 mm 
Dacron 3.1 +4,9 7,2 + 10.2 0.12 + 0.1 0.5 + 0.58 
PTFE 1.8 + 2.8 3,5 + 3.3 0.32 + 0.54 0.8 + 1.2 
Vein 0.2 _+ 0,38 0.2 + 0.24 0.06 + 0.04 0.08 + 0.09 
and variance of radioactivity data. A logarithmic 
transformation was therefore applied to the data 
before normal statistical analysis was performed. Es- 
timation ofparameters in the "final" model was based 
on the least squares model. A confidence l vel ofless 
than 5% was considered significant. Values in Figures 
are presented as mean _ SD. All the surgical proce- 
dures were performcd at the Departmcnt of Biomedi- 
cal Engineering at the University of New South Wales 
with approval of local Animal Care and Ethics Com- 
mittee and complied with the "Principles of Labora- 
tory Animal Care." 
RESULTS 
The radioacfivity indexes for the ó and 12 mm 
patches (Table I) showed wide variability among the 
animals, which probably reflected the ränge of effi- 
ciency oflabeling (53% to 83%). For the ó mm patches 
platelet deposifion on the patch alone was 15 fimes 
greater for gelatin-sealed Dacron (p= 0.015) and 
nine times greater for PTFE (p = 0.01) than for vein. 
The clifferences between the gelafin-sealed Dacron 
and PTFE patches were not significant (p = 0.95). 
For 12 mm patches the corresponding platelet depo- 
sifionswere 38 (Dacron) and 18 (PTFE) fimes greater 
than for the vein patches. The difference between the 
12 mm prosthetic patches was not significant 
(p= 0.86), but it was significant compared with 
saphenous vein (p = 0.015, Dacron, and p = 0.007, 
PTFE) (Fig. 3). Platelet deposition on the surface of 
the artery that underwent endarterectomy was rauch 
greater when a synthefic pätch was used compared 
with when a vein was used (wall/patch uptal~e ratio: 
Dacron 0.12, PTFE 0.32, vein 0.08). Platelet uptake 
was approximately five times greater on the pätches 
than on the corresponding segment of the arterial 
wall. The difference between Dacron and PTFE 
patches with respect o artery wall uptake was not 
significant (p= 0.44). The difference between Da- 
cron and vein was significant (p = 0.01) as was the 
difference between PTFE and vein (p = 0.03). 
Higher platelet acfivity was recorded on the wider 
(12 mm) patches proportional tO their larger surface 
area. Platelet deposition on the arterial wall adjacent 
to the wider patches tended to be greater, and this 
difference was significant when compared with the 
narrow (6 mm) patches for Dacron (p = 0.05) and for 
PTFE (p = 0.02). The difference in platelet deposi- 
tion on the walls was not significant for the 6 and 12 
mm vein patches (p = 0.32) (Fig. 4). 
Overall, platelet accumulation was lowest for the 
vein patches compared with the prosthetic patches 
(p < 0.01), but the deposition on gelatin-sealed Da- 
cron patches was not significantly different from that 
for PTFE (p = 0.86). Platelet deposition on the wall 
that had undergone endarterectomy and was opposite 
the gelatin-sealed Dacron patch was not significantly 
different from when a PTFE patch was used (p = 
0.44). 
SEM. In the segments of the carotid artery in 
which endarterectomy was performed, the intima was 
seen to have been removed, exposing an underlying 
network ofcollagen fibers with adherent platelets, red 
blood cells, and monocytes. Focal deposition ofplate- 
lets onto the damaged surface depended on the depth 
and area of the damage. Compared with adjacent un- 
damaged normal endothelial surface, these differ- 
ences were quite marked (Fig. 5). No lesions of the 
endothelial surface were found by SEM of the seg- 
ments either proximal or distal to the patched seg- 
ments, and in these areas the intimal surface was 
smooth with minimal platelet adherence. 
SEM of the gelatin-sealed Dacron patches re- 
vealed a microfilamentous structure covered by nu- 
merous aggregated platelets and red blood cells 
forming thrombus, especially on the suture line of the 
patches. The platelets were especially apparent around 
needle holes and sutures, hut it was not possible to 
quantitate the actual numbers, because the platelets 
were offen superimposed in layers. Similar appear- 
ances were found on the PTFE patches, but the 
platelets were less dense and offen did not cover the 
entire patch surface. Instead, the deposition ofplate- 
lets tended to be focal, with aggregates seen in 
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Fig. 4. Acutc 111-In-labeled ptatelet uptakc on arterial 
wall opposite to 6 mm and 12 mm width patches. Log scale 
shows difference in platelet accumulation on arterial wall 
with respect to each angioplasty group. 
multiple small islands separated by internodal spaces. 
SEM of the autologous vein patches howcd a 
mostly undamaged luminal surfacc with intact endo- 
thelial cells, although these endothclial cells were 
narrower than similar cells on the surface of the 
arterial lumen. A relatively small number ofunmodi- 
fied (inactivated) platelets was found on the vein 
patches, with no difference between the ó mm and 12 
mm width patches by visual evaluation and by radio- 
active counting. 
DISCUSSION 
The technique of In-111-ox platelet labeling has 
been used to assess early and late platelet deposition 
on the arterial wall that has undergone ndarterec- 
tomy and has or has not undergone patch angio- 
plasty. 13'14 After endarterectomy is performed, the 
rate ofuptake on the vessel wall is maximal at 1 hour 
with little further increase over the next 24- to 
48-hour period) 5 In the deendothelialized swine 
aorta platelet &position decreased over long periods 
of exposure from their initial maximum values. 70ur  
Fig. 5. Scanning electron microscopy appearance of ca- 
rotid artery after simulated endarterectomy; disrupted 
endothelial surface covered by platelets and fibrils (original 
magnification x800). 
acute results do not clarify whether a similar decline 
occurs in patched arteries after endartercctomy is 
performed. 
Out previous tudies both in a canine model 9and 
in humans after carotid reconstruction ~6 confirmed 
that the technique was a reliable marker ofthrombus 
deposition. This study extends our earlier investiga- 
tions by comparing 1-hour thrombus deposition on 
patches and on the denuded arterial lumen for alter- 
native patch materials and differing patch widths. To 
what extent intimectomy in animals is analogous to 
the smooth lining left after endartcrectomy in humans 
is uncertain, hut no sätisfactory alternative t chnique 
has been devcloped. 
Sheep were used in this study because the caliber 
of their carotid arteries is comparable to that of 
humans and their blood cell morphologic haracter- 
istics and coagulation characteristics are also similar. 
This ovine model confirms our earlier esults howing 
that more platelets deposited on PTFE than on 
autologous vein. Despite being rclatively nonporous, 
gelatine-sealed Dacron led to early platelet deposition 
to an extent cornparable to that of PTFE. In humans 
there seems to be no significant difference in the rates 
of perioperative carotid thrombosis and neurologic 
events when vein patch closure is compared with a 
prosthetic patch. 1,17-19,2° 
Significantly more platelets dcposited on the 
patches than on the adjacent artery wall. This effect 
was anticipated from our previous tudies, ~,9 but the 
results also showed that when the arteriotomy was 
closed with a synthetic patch, the accumulation f  
platelets on the arterial wall was greater than when a 
vein patch was uscd. We cannot explain this difference 
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except to suggest hat it might result from the 
cascading stimulus of greater platelet aggregation  
the adjacent prosthetic patch. Six weeks after com- 
mon carotid intimectomy was performed in a dog, 
prostacyclin and thromboxane A 2 production were 
both increased when vein patches were used rather 
than direct closure, but the differences were minor, 
indicating "biochemical daptation" of the venous 
patches.2~ 
Inappropriately wide patches disturb flow, which 
creates recirculation zones and should increase plate- 
let vessel wall interaction by prolonging local platelet 
residence time. The hemodynamic effect created by 
excessive widening of the carotid artery may be 
comparable tothat in aneurysms, where disruption of 
laminar flow increases platelet interaction with the 
surface of the vessel that undergoes endarterectomy. 
Although excessive widening might produce an an- 
eurysmal segment ofartery in which thrombus would 
progressively accumulate, this phenomenon was not 
identified in this study, possibly because the degree of 
arterial dilatation was insufficient or the interactions 
between the radiolabeled platelets and the combina- 
tion of patch and vessel wall represented the acute 
reaction. 
In canine experiments closing a carotid arteri- 
otomy without apatch led to an obligatory stenosis of 
approximately 15% to 20%. 22 A patch 5 mm in width 
obviated this effect, but 10 mm patches induced tur- 
bulent flow. A prospective randomized trial con- 
ducted by Vanmaele t al.23 noted that dilatation and 
disturbed flow were more common after carotid 
patching compared with a no-patch technique. In this 
experiment larger patches accumulated more plate- 
lets, but this occurrence was directly proportional to 
the larger surface area of the prosthetic material ex- 
posed to circulating blood. Our study ofplatelet accu- 
mulation was limited to 1 hour, and possibly alonger 
time might have shown greater thrombogenesis. 
At the normal human carotid bifurcation, flow in 
the internal carotid artery is laminar in the region of 
the flow divider, but posteriorly inthe dilatation of the 
carotid sinus, flow is slower and more turbulent. 24
This effect is accentuated in carotid aneurysms, which 
characteristically contain thrombus. In a human study 
wider vein patches were also found to be prone to 
continuing dilatation within the first week of carotid 
endarterectomy.1 
Several studies have reported that postoperative 
thrombosis n animals can be reduced by the use of 
intraoperative h parin. 6,16 These studies describe a 
relatively thin monolayer of confluent platelets form- 
ing immediately on restoration of flow, resulting in 
near-total coverage of the exposed media but no gross 
thrombosis. In this study therapeutic doses of intra- 
venous heparin (100 IU/kg) were used with prolon- 
gation of the activated partial thromboplastin me to 
four to five times normal. Despite this occurrence 
extensive platelet deposition was observed on the 
patch material and on the arterial surface that under- 
went endarterectomy. Platelet deposition isregulated 
in part by exposure to fibrillar collagen, which acts to 
irreversibly aggregate platelets, and by the patent 
luminal cross-sectional rea of the vessel, which influ- 
ences the local shear conditions. 
This animal study does not directly address the 
influence ofpatching on the important clinical issues 
ofperioperative carotid occlusion and later estenosis 
from either hyperplasia or atherosclerosis. Neverthe- 
less, each of these complications is potentially influ- 
enced by the method of arteriotomy closure and the 
material chosen for patching. Excessive arly platelet 
deposition may promote further thrombogenesis, 
leading to perioperative carotid occlusion, 4 and it may 
also correlate with later endothelial hyperplasia. 8,25 
The benefits of patching, whether selective or rou- 
tine, 26'27 should be balanced against the tendency of 
the patch to attract platelets directly and possibly to 
disturb carotid flow. Similarly, the choice of autolo- 
gous vein compared with a prosthetic patch should 
also note the greater tendency of vein patches to 
dilate 1,19,2°,28-3° and the risk ofvein patch rupture 31 33 
against the greater thrombogenicity ofprosthetic ma- 
terials and the slight but definite hazard ofinfection. 34
This animal study indicates that patching with vein 
is generally followed by less acute thrombus forma- 
tion on the luminal surface of the patch and on the 
adjacent vessel wall that undergoes endarterectomy 
than when synthetic material is used. Less thrombus 
forms on 6 mm patches than on 12 mm patches, but 
the difference was proportional to the patch width. 
However, considerable variation was seen in the 
amount of platelet deposited, suggesting that al- 
though the results are statistically significant, hey 
may not always be clinically relevant. Ifthrombogen- 
esis is the only consideration, a narrow vein patch is 
preferable to wider patches and to prosthetic patches. 
These findings may be relevant o postoperative 
carotid occlusion and other thromboembolic events. 
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